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NONLINEAR OPTICS 

Observation of Weyl Points in Optics

 A Weyl fermion is a hypothetical mass-
less fundamental particle, predicted 

by Hermann Weyl in 1929 but so far never 
observed in nature.1 This particle has 
energy that is linearly proportional to 
its momentum—that is, it behaves like 
a massless relativistic spin-½ particle in 
3-D. This “massless dispersion relation” 
can be mimicked in 3-D crystals exhibit-
ing band degeneracies called Weyl points.

Mathematically, Weyl points are 
equivalent to quantized magnetic 
monopoles. That imbues them with 
“topological protection” against imper-
fections and disorder, and gives rise to 
exotic surface states known as Fermi 
arcs—highly promising features for 
future high-speed electronic and photonic 
devices. In 2015, the fi rst observations 
of Weyl points were simultaneously 
reported in a condensed-matt er system2 
and a microwave photonic crystal, 3 and 
Physics World included those fi ndings 
among the top 10 physics discoveries 
for the year.

The original microwave realization 
of Weyl points was based on an intri-
cate double-gyroid photonic crystal 
machined out of high-refractive-index materials. Such a 
design is extremely challenging to extend to the critical 
optical wavelength regime, however, due to limitations 
in fabrication methods at the micron scale and the lack of 
suffi  ciently high-index materials. In 2017, we succeeded, 
using a waveguide array–based design, in observing Weyl 
points at optical frequencies.4

In our work, we used a femtosecond laser5 to inscribe 
a 3-D waveguide structure into borosilicate glass. Despite 
the simple staggered-helix design and low refractive-
index contrast, we predicted that the structure could 
exhibit an anisotropic (type-II) Weyl-point at optical 
wavelengths. Using a combination of modeling and 
experiment, we demonstrated two key signatures for 
the presence of Weyl points. First, we showed that light 
propagating precisely at the Weyl-point wavelength 
undergoes conical diffraction. Second, we showed that 

Fermi-arc surface states emerge above (but not below) 
the Weyl-point wavelength.

We believe that this optical Weyl-point platform can 
be used in the future to probe Weyl-point photonic phys-
ics in new regimes, including those in which nonlinearity 
and quantum eff ects arise. OPN
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Top: Weyl dispersion relation [frequency ω versus momentum (kx,ky,kz) for 
constant ky = 0] for (left) type-I and (right) type-II Weyl points. The gray plane is 
an isofrequency cut. Bottom left: Schematic of the waveguide array exhibiting 
a type-II Weyl point, composed of two interpenetrating square lattices of 
helical waveguides. Bottom right: Intensity plots at the output facet showing 
conical diffraction at the Weyl point.  The light rapidly diffracts away from the 
waveguides into which light is injected, indicated by green dashed circles.
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